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An important step for a forecaster when predicting thunderstorm 
occurrences is to formulate a general idea of atmospheric stability. Stability 
indices are tools that assist the forecaster in deriving this information. How valid 
and accurate are stability indices as an aid to a forecaster in making a 
thunderstorm forecast? How do these index values change over time? This 
project investigates these questions. 
Five stability indices, Showalter, K, Vertical Totals, Cross Totals, and 
Total Totals, and one severe weather index, SWEAT, are analyzed during a 
1 o year period (1964-1973) from March through September for Omaha, 
Nebraska. The results show that there is a difference between thunderstorm 
and non-thunderstorm index means. For the study period, the monthly mean 
index values for both thunderstorm and non-thunderstorm events vary, lending 
support for more flexibility in threshold values. An investigation to determine if 
there was a difference between 00 UTC and 12 UTC mean index values was 
also conducted. The results show little difference between the two periods. It is 
important to note that overlap in standard deviations do not allow for an obvious 
division between thunderstorm and non-thunderstorm categories. 
Further investigation used skill score analysis to determine the accuracy 
of each index. A skill score is a tool designed to remove bias from prediction of 
a category and show the true capability an index has in accurately predicting an 
outcome. Overall, the SWEAT Index consistently provided the highest monthly 
skill scores. The Showalter, K, Cross Totals, and Total Totals Indices all had 
months where they produced relatively high skill scores. 
From the results of the study, a number of the indices in this study 
produced relatively high skill scores from March through July, and can aid a 
forecaster as an initial guide in determining the occurrence or absence of 
thunderstorms. However, it appears that during August and September, 
atmospheric indices may be of little benefit to a forecaster because of their 
relatively poor skill score performance. 
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Chapter 1 
Introduction 
The ability to predict future atmospheric events, especially severe 
atmospheric phenomena, is a goal shared by a vast number of people, from 
atmospheric scientists to casual weather observers. Countless times 
throughout history, severe weather has destroyed or damaged what humans 
have attempted to derive their existence from, including structures, agricultural 
products, and human lives. The destructive capability of severe weather, 
especially the toss of human lives, has added to the belief that any type of 
advance warning is desirable. 
For centuries, humans have utilized certain physical characteristics of the 
atmosphere as keys to forecasting. As technology has improved, the study of 
the atmosphere has become more complex. Meteorologists have established 
the importance not only of surface data, but also of data obtained from 
throughout the atmosphere. Weather balloons have been utilized for gathering 
data throughout the atmosphere, yielding radiosonde data. The data collected 
or derived includes temperature, relative humidity, wind velocity, wind speed, 
and geopotential heights at a number of pressure levels throughout the 
atmosphere. Basic concepts that help explain the atmosphere have been 
developed from these data. Computers have also given scientists the ability to 
use tremendous quantities of acquired data in primitive equation models, 
deriving future weather situations, and displaying them as maps. Analysis of 
maps generated by the computer are then used to help form general forecasts. 
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Just as important as computer generated map analysis, the weather 
forecaster often uses the knowledge gained from the experiences of forecasting 
in a particular region to analyze and interpret the situation. Thus the duties of a 
weather forecaster have developed into a complex scientific profession. The 
time involved in making a proper analysis and forecast takes numerous hours of 
analysis and years of experience. Researchers have begun to look for ways to 
shorten the forecast time and provide experience without losing a great deal of 
accuracy. 
Beginning in the 1950s, researchers such as Means and Bailey began to 
develop simple concepts dealing with a wide range of atmospheric parameters 
relating to the occurrence of thunderstorms and the ability to forecast them 
(George, 1960). To comprehend the atmospheric parameters, basic concepts 
about the formation of thunderstorms were needed, including vertical and 
horizontal motions and unstable thermodynamic stratification. 
The importance of vertical motion is brought about by the fact that upward 
movement and the related adiabatic cooling is the most common way to bring 
an air parcel to saturation, a prerequisite to condensation. Horizontal 
convergence and divergence patterns at different levels relate to vertical 
motion. For example, if there is upper-level divergence and lower-level 
convergence acting on a certain column of air, vertical motions are generated. 
Some factors that lead to upper-level divergence are short wave troughs, jet 
maxima, and vorticity advection. 
Unstable thermodynamic stratification deals with physical characteristics 
of the atmosphere, such as temperature and dewpoint temperature, at different 
levels. For example, if an air parcel has moved upward, the temperature of that 
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parcel will decrease due to adiabatic cooling. If that raised parcel is at a greater 
temperature than the surrounding air, it will be less dense, and will continue to 
rise. The continued rising may allow the parcel to cool to condensation, which 
must happen for any type of thunderstorm related precipitation to occur. The 
greatest challenge for anyone predicting atmospheric phenomena is in knowing 
which parameters (e.g., temperature, dewpoint temperature, horizontal motions, 
or vertical motions) are of greatest importance, or if different situations make for 
differences in the importance of each parameter (George, 1960). 
Scientists can categorize atmospheric conditions with indices created 
from observations and relate them to the possibility of thunderstorms and/or 
corresponding severe weather for a certain time period in a certain area. some 
of the advantages in developing these equations are speed, specificity to an 
area, and simplicity. The equations generally consider the stability of a certain 
cross section of the atmosphere. Because of the emphasis on stability, they are 
commonly called stability indices. 
A listing of common stability indices include the Showalter Index, the 
Lifted Index, the Fawbush Miller Index, the K Index, and the Total Totals Index 
(which itself includes the Vertical Totals Index and the Cross Totals Index). 
These indices, when utilized properly, may assist the forecaster in locating 
areas where thunderstorms and/or corresponding severe weather may develop. 
The difficulty lies in utilizing the indices properly. Understanding the 
parameters that go into each index and what the generated values may indicate 
is very important in the utilization of the index. 
Studies utilizing stability indices have been conducted to determine 
threshold values for severe weather events. The threshold values are 
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considered valid over a large region, and are held constant throughout the year. 
However, because of seasonal changes in atmospheric stability, the threshold 
values may not be valid for all locations throughout the year (Fawbush and 
Miller, 1953; Galway, 1956; George, 1960; Miller, 1972; and Showalter, 1953). 
This study examines the values of five stability indices (the Showalter 
Index, the K Index, the Vertical Totals Index, the Cross Totals Index, and the 
Total Totals Index) for Omaha, Nebraska during the months of March through 
September, 1964 through 1973. An additional index is added to the study even 
though it is not strictly a stability index. The SWEAT Index is designed to predict 
the occurrence of severe weather while taking into account the stability of the 
atmosphere similarly to the stability indices. Wind direction and wind speed are 
parameters unique in its calculation. 
Monthly means of the indices will be calculated, segregated by 
thunderstorm versus non-thunderstorm events. Index means during 
thunderstorm periods and non-thunderstorm periods should show a distinct 
difference. Is there any seasonal change in the index values? Should given 
index threshold values remain the same throughout the year? Is there a certain 
index that predicts thunderstorm activity better at certain times of the year? 
Each of these questions will be addressed by this investigation. 
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Chapter 2 
Background 
During Spring 1952, the United States Weather Bureau formed a special 
forecasting unit focused on severe storms (Lewis, 1996). Prior to that time, the 
weather Bureau had developed some rules for forecasting severe storms, but 
the rules were elementary. Joseph Galway was one of the first Weather Bureau 
forecasters to join the unit and Albert Showalter was an early supervisor of the 
group. Following two years of severe storms forecasting, the severe local 
storms lead forecasters were transferred to Kansas City, Missouri, in August 
1954, and began working with an Air Force team of meteorologists, including 
Major Earnest Fawbush and Captain Robert Miller. When the weather cooled 
and severe storms were not predicted, members of the group were encouraged 
to do research (Lewis, 1996). A number of stability indices came out of this 
research (Fawbush and Miller, 1953; Galway, 1956; Miller, 1972; and 
Showalter, 1953). 
Other meteorologists such as Whiting, Means, and Bailey (George, 1960) 
began working during this time on ways to forecast thunderstorms more 
accurately and efficiently. Some of the concepts they used included positive 
and negative areas of energy, horizontal motions, and vertical motions; they 
also developed analysis tools such as better thermodynamic diagrams. 
Areas of energy are derived by comparing a parcel which has been lifted 
to a certain level to the non-lifted air surrounding it. A positive area of energy 
exists when a lifted parcel is warmer than the surrounding air, resulting in 
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continued upward motion and possibly condensation and cloud formation. A 
negative area of energy exists when a lifted parcel is cooler than the 
surrounding air, resulting in little or no upward motion or cloud formation. 
Vertical motion is a key in the thunderstorm formation process due to the 
fact that condensation must take place for clouds and precipitation to occur. 
The moisture laden air near the surface must be cooled for that air parcel to 
reach condensation. Air is cooled most easily when it is lifted. Lifting 
mechanisms, including cyclonic systems, air mass fronts, orographic features, 
and convection are all important in the raising of air parcels. 
A thermodynamic diagram is used as a tool to visibly show the 
parameters of a column of air from the surface up to pressure levels of 
approximately 1 o kPa. The atmospheric data are obtained from radiosonde 
and aircraft observations. Parameters include height, temperature, dew point 
temperature, wind velocity, and wind direction. The data are plotted as a 
sounding yielding a summary of the atmospheric characteristics. There are a 
number of thermodynamic diagrams that can be used, including the Pseudo- 
Adiabatic Diagram and the Skew T Diagram. Although there are minor 
differences in the graphical assumptions used to orientate certain lines, the 
diagrams are similar in that they consist of isobars, isotherms, dry adiabats, 
saturated adiabats, saturated mixing ratios, and geopotential heights. 
Five stability indices, the Showalter Index, the K Index, the Vertical Totals 
Index, the Cross Totals Index, and the Totals Totals Index are utilized in this 
study. Brief summaries describing each index follow. 
In 1946, Showalter (1953) developed a simple concept to help forecast 
thunderstorms in the southern part of California. At the time of development, the 
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chart used was called the Stability Index Computation Chart. Showalter 
formulated this index with then current knowledge about thunderstorms. 
Showalter developed four conditions indicating the potential for thunderstorm 
formation. If most or all of these conditions were met, Showalter found that 
there was a very good chance for thunderstorms to occur. 
Showalter (1953) established as the first condition that there had to be a 
certain amount of lifting in the area to allow an exchange of air between the 
upper and lower levels of the atmosphere to allow thunderstorms to form. The 
lifting and subsequent cooling would allow the air temperature of a parcel to 
reach its dew point temperature, thus promoting condensation. Second, there 
should be condensation occurring in clouds at above-freezing temperatures 
with those same clouds extending up to heights with below-freezing 
temperatures. This condition allowed for clouds to be continuous over a large 
vertical extent, promoting consistent and continuous convection. Third, the level 
of free convection (LFC) reached by rising moist air should be lower than the 
50 kPa level. This condition goes along with the second condition in that the 
parcel will continue rising after condensation or below 50 kPa, allowing for the 
lowest levels of the atmosphere to deliver much of the moisture as the cloud 
grows to high levels. Fourth, warming should be taking place at the lower levels 
along with an increase in moisture, or cooling should be taking place at higher 
levels. This would allow for the lifting of condensed air to continue feeding and 
building the cloud because an unstable lapse rate would be maintained. 
From these conditions Showalter (1953) formulated the Index Chart and 
modified it with information taken from upper air data. Showalter used the 
85 kPa temperature (OC), the 85 kPa dew point temperature (OC), and the 
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SO kPa temperature (OC) of the same air column for this computation. The Index 
Chart is written as 
IC = Tso - Tlifted. (1) 
where Tso is the SO kPa temperature (°C), Tlifted is the temperature (OC) found 
by lifting the air parcel dry adiabatically from its 85 kPa level until the lifted 
condensation level (LCL), then moist adiabatically to SO kPa. Instability is said 
to be found in the column of air when the Index Chart is negative. The fact that 
the parcel would be warmer than the surrounding air at SO kPa allows for the 
lifting to continue, resulting in increased condensation and cloud building so 
that thunderstorm creation becomes a real possibility. Stability is correlated 
with positive values because the parcel would remain cooler than the 
surrounding air at 50 kPa, allowing no more upward vertical motion, no more 
cloud building, and essentially generating a cap. Under these conditions, there 
is only a slight possibility of thunderstorm occurrence. 
During the years following the introduction of the Index Chart, it was 
applied in a number of geographic regions (Showalter, 1953). Approximate 
threshold values were developed as the index was applied throughout the 
country. In general, an Index Chart having a value of approximately 3 or greater 
led to the probability being very low for showers and thunderstorms. As the 
value decreased from 3 the probability for thunderstorms increased. Severe 
thunderstorms were quite probable as values reached -3 and lower; while the 
probability for tornadoes were high when a value of -6 or lower was produced 
(Table 1 ). In mountainous regions, where the elevation was very near or above 
8S kPa, Showalter (1953) suggested using the 70 kPa temperature (OC) and 
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Table 1. Threshold Value Categories for Showalter, 
K, and Fawbush-Miller Indices. 
Showalter Index 
Value Range 
> 3.4 
-0.4 to 3.4 
-3.4 to -0.5 
-6.4 to -3.5 
<-6.4 
Predjctjon 
Very small chance of thunderstorms 
Small chance of thunderstorms 
Good chance of thunderstorms 
Good chance of severe thunderstorms 
Severe thunderstorms with tornadoes 
Klndex 
Value Range 
< 19.5 
19.5 to 24.4 
24.5 to 29.4 
29.5 to 34.4 
> 34.4 
Predjctjon 
No thunderstorms expected 
Isolated thunderstorms 
Widely scattered thunderstorms 
Scattered thunderstorms 
Numerous thunderstorms 
Fawbush-Miller Index 
Value Range 
> 0.4 
0.4 to -2.4 
-2.5 to -6.4 
<-6.4 
Prediction 
No precipitation 
Showers 
Thunderstorms 
Severe thunderstorms 
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70 kPa dew point temperature (°C) in place of the 85 kPa values to calculate 
the Index Chart. 
Showalter (1953) found that the index did reasonably well at forecasting 
thunderstorms, but only for the immediate future. The index was unable to give 
accurate forecast values three or more hours into the future because it was a 
static index. The index did not allow for changes in the parcel's stability over a 
given time period to be considered. 
Over time, the Index Chart has become known as the Showalter Index. 
As for the inability to forecast into the future, forecasters now receive predicted 
85 kPa and 50 kPa temperature (°C) and dewpoint temperatures (OC). These 
values can be put into the Showalter Index, thereby giving this stability index a 
better chance of being accurate three or more hours into the future. 
Another forecast concept to help predict air mass thunderstorms was 
developed by Whiting (George, 1960). It was easy to prepare and took only 
minutes to compute. Whiting formulated this index for situations for which the 
limitations on time and people were great enough that an extensive forecast 
evaluation was not possible. This was produced as a substitute in time of need. 
A basic set of parameters during the occurrence of air mass thunderstorms was 
considered (George, 1960). 
The K Index, which Whiting developed, used three parameters: the 
vertical temperature lapse rate, the moisture content of the lower atmosphere, 
and the vertical extent of the moist layer (George, 1960). The vertical 
temperature lapse rate could be approximated by computing the difference in 
temperature (OC) between the 85 kPa and 50 kPa heights. The greater the 
difference, the better the chance that an air parcel being lifted would continue to 
be warmer than the surrounding air and continue to rise. The dew point 
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temperature (OC) at 85 kPa, in tandem with the difference between the 70 kPa 
temperature (OC) and dew point temperature (°C), gave a good indication of the 
moisture content of the lower atmosphere and some measure of the vertical 
extent of the moist layer. A large dew point temperature at 85 kPa and a small 
difference between the 70 kPa temperature and dew point temperature would 
indicate a relatively large amount of moisture and would require less lifting to 
produce condensation. The K Index is written as 
K = (Tes - Tso) + (TDas) - (T10 - TD70). (2) 
with T85 the 85 kPa temperature (°C), Tso the 50 kPa temperature (OC), To85 
the 85 kPa dew point temperature (°C), T70 the 70 kPa temperature (OC), and 
TD70 the 70 kPa dew point temperature(°C). The K Index was specified as an 
air mass thunderstorm stability index (George, 1960). Therefore, the following 
categories and corresponding threshold values were derived using 
observational studies in areas where winds were weak and frontal influences 
were at a minimum. The greater the index value, the better the conditions for 
thunderstorm development. A K Index value less than 19.5 would indicate no 
chance for air mass thunderstorms to occur, while a value from 19.5 to 24.4 
would indicate the chance for isolated air mass thunderstorms to occur. Values 
from 24.5 to 29.4 would indicate a chance for widely scattered air mass 
thunderstorms to occur, and values from 29.5 to 34.4 would indicate the chance 
for scattered air mass thunderstorms to occur. All K Index values greater than 
34.4 would indicate the possibility for numerous air mass thunderstorms to 
occur in that specific area (Table 1). 
George (1960) stated that Whiting used a further step to modify the K 
Index, thus allowing it to be used for all thunderstorm occurrences, not 
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restricting it to air mass thunderstorms. This step includes taking the 70 kPa 
and 80 kPa geopotential heights of many stations in a certain region and 
adding them together, keeping each station separate. The combined 
geopotential heights are then plotted and contoured. The contours give a good 
representation of the mean air flow between the two levels. Since this 
representation is of relatively low levels, areas where the contours come 
together indicate converging air, or confluence, and areas where the contours 
get further apart indicate diverging air, or difluence. Convergence at low levels 
is one of the key ways in producing upward vertical movement of an air parcel 
with confluence being a large factor in convergence. As air comes together and 
slows down, the pressure created at the center really allows one way to escape, 
upward. Conversely, divergence occurring at low levels would decrease an air 
parcel's ability to move upward with difluence being a large part of divergence. 
This analysis can be used to alter the K Index by an upward shift of one or more 
categories if convergence is taking place at low levels, and decreasing a 
category level or more if divergence is taking place at low levels. For example, 
if confluence is taking place at low levels in an area, and the wind speed is less 
than 20 knots (10.2 m/s), the K Index category would increase by one level 
(e.g., an isolated thunderstorm category would be raised to a widely scattered 
thunderstorm category). Conversely, areas of difluence at low levels and wind 
speeds less than 20 knots (10.2 mis) would have their K Index category 
decreased by one level. Areas of confluence at low levels having wind speeds 
greater than 20 knots (10.2 mis) would have their K Index category increased by 
two levels, while difluence at low levels in an area having wind speeds greater 
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than 20 knots (10.2 m/s) would have the K Index category decreased by two 
levels. 
In 1970, the Military Weather Warning Center began to formulate simple 
equations to aid in their forecasting (Miller, 1972). One of the equations 
developed could locate an area where stability was decreasing. The result of 
one of these equations was the Total Totals Index. This index was the sum of 
two other stability indices developed in conjunction with the Total Totals Index, 
appropriately named the Vertical Totals Index and the Cross Totals Index. The 
Vertical Totals Index looks at the vertical lapse rate of a particular air column 
and is written as 
VT= res-rso (3) 
with T8s the 8S kPa temperature (°C) and Tso the 50 kPa temperature (OC). 
The threshold value for thunderstorm occurrence is 26; the greater the value, 
the larger the vertical lapse rate, and the better the chance for a rising air parcel 
to continue its upward movement (Miller, 1972). However, the Vertical Totals 
Index is calculated without including a moisture parameter. For this reason 
' 
Miller (1972) states that a large Vertical Totals value does not necessarily mean 
a greater chance of thunderstorms, only that the atmosphere is prepared for 
lifting. An exception is made for an area that is near an abundance of water 
such as a lake or ocean bordering areas. 
The Cross Totals Index (Miller, 1972) looks at the amount of moisture in 
the lower levels of the atmosphere and is calculated as 
CT= TDas - Tso (4) 
where TD8s is the 8S kPa dew point temperature (OC) and Tso is the so kPa 
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temperature (OC). The threshold value for thunderstorms is 18, which indicates 
that, at the lower levels, there is a relatively large amount of moisture available 
for thunderstorm development (Miller, 1972). The higher the Cross Totals 
Index, the greater the potential for thunderstorms to develop in that area 
because of the abundance of moisture. However, because this index has no 
vertical lapse rate factor, it is one dimensional and does not have any 
information as to how efficiently the low level moisture can be lifted and 
condensed. 
The Total Totals Index is simply the sum of the Cross Totals and the 
Vertical Totals (Miller, 1972) 
n = (res - Tso) + (TDas - Tso). (S) 
An value of 44 is the threshold for thunderstorms to occur; the greater the 
calculated value of the index, the greater the chance of thunderstorms in that 
area (Miller, 1972). 
The Vertical Totals Index, the Cross Totals Index, and the Total Totals 
Index have been studied in different regions throughout the United States 
(Miller, 1972). Their results show that for different areas, there may need to be 
some adjustment in threshold values for different areas. For example, west of 
the Rocky Mountains it appears that the Vertical Totals threshold value may 
need to be three to four points greater than the value east of the Rocky 
Mountains to remain reliable for thunderstorm prediction. For areas near the 
Gulf of Mexico, both the Vertical Totals and the Cross Totals Index may be more 
reliable if their threshold values are two to three points less than the threshold 
values for the Northeast United States. Along the Great Lakes, the Vertical 
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Totals Index value may be more reliable if a threshold value 3 to 4 points higher 
is used compared to areas not along the Great Lakes. 
There are other stability indices that contain many of the parameters 
already discussed. Even though they are not utilized in the present study, it is 
enlightening for comparison, and to give a broader extent of the indices being 
used in modern thunderstorm forecasting. Following are brief descriptions of a 
number of them. 
An index similar to the Showalter Index was developed by the Severe 
Local Storms Warning Center (Galway, 19S6). The index was called the Lifted 
Index. One difference between the two indices is the use of the temperature 
and dew point temperature values of the lowest 3000 ft (914 m) of an air parcel 
instead of the temperature and dew point temperature at BS kPa. This was 
done to give a more accurate description of the amount of moisture in the lowest 
levels of the atmosphere and to create a more accurate picture of a parcel 
arising from the lowest levels. The Lifted Index is 
LI = Tso - Tlifted (6) 
where Tso is the SO kPa temperature (°C) and Tlifted is found as follows. The 
lowest 3000 ft (914 m) layer is examined and the layer average saturated 
mixing ratio is placed 1 SOO ft (4S7 m) above the surface on the thermodynamic 
diagram. If condensation of the parcel in the lowest levels, for example, below 
3000 ft (914 m), is not expected, it is assumed that, during the afternoon when 
maximum temperatures normally occur, the surface air parcel will be heated to 
that temperature and will follow the dry adiabatic lapse rate as it is lifted. In this 
case, the predicted afternoon maximum temperature is used in the Lifted Index 
calculation and is plotted at the surface on the thermodynamic diagram. Then, 
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the parcel at that surface temperature is lifted dry adiabatically until it intersects 
with its saturated mixing ratio line. This will be the LCL of the parcel. If this 
assumption cannot be made, the mean temperature of the lowest 3000 ft 
(914 m) is used. The mean temperature value in this second case is plotted 
1500 ft (457 m) above the surface and lifted dry adiabatically until it intersects 
with the mean saturated mixing ratio line. This will then be the LCL of the 
parcel. In either case, from the LCL, the air parcel is lifted moist adiabatically to 
the 50 kPa level, and the resulting parcel temperature (OC) is used as Tutted 
(Galway, 1956). 
A negative value for the Lifted Index suggests instability, continued lifting 
of the parcel above 50 kPa, and cloud and thunderstorm development. The 
more negative the value, the greater the chance of thunderstorms. A positive 
value suggests stability, no further lifting above 50 kPa, no further cloud 
development and little chance of thunderstorm formation (Galway, 1956). 
Fawbush and Miller (1953) developed another stability index. They 
concluded that low level moisture was very important in the stability of a column 
of air, more important than Showalter had considered in his stability index. With 
this in mind, they modified the Showalter Index (Fawbush and Miller, 1953). 
Fawbush and Miller's major modification was in defining the amount of 
moisture in the lowest levels of the atmosphere. Showalter (1953) had used the 
85 kPa temperature and 85 kPa dew point temperature to give an indication of 
the moisture that could be utilized for thunderstorm formation. However, this 
only considers one level in the lower atmosphere, and Fawbush and 
Miller (1953) concluded that the chances of the same level always giving an 
accurate picture of the entire parcel were small. Fawbush and Miller defined a 
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moist layer as being any layer that had relative humidity greater than 
65 percent. They argued that this would give a much more accurate depiction 
of the moisture available for thunderstorm formation. 
The Fawbush Miller Index is 
FM = Tso - Tliftsd (7) 
where T50 is the 50 kPa temperature (°C) and Ttlfted is found as follows. Using 
an atmospheric sounding plotted on a thermodynamic diagram, a moist layer 
(RH > 65 percent) is determined if one exists. With this criterion it is obvious that 
the moist layer can range greatly in vertical extent. The mean temperature and 
mean dew point temperature of the moist layer is then calculated. Since mean 
values of the moist layer are being used, the two mean values are plotted at the 
midpoint of that layer. For example, if the moist layer were bounded at 95 kPa 
and as kPa, the mean temperature and mean dew point temperature would be 
plotted at the 90 kPa level. Once the mean temperature and mean dew point 
temperature are plotted, the parcel is raised to its LCL. From the LCL, the 
condensing parcel is lifted moist adiabatically until it reaches 50 kPa and the 
resulting parcel temperature (OC) is used as Tutted (Fawbush and Miller, 1953). 
Positive values suggest a stable air column meaning no further lifting or 
vertical cloud development while negative values suggest an unstable air 
column meaning further lifting, vertical cloud development, and thunderstorm 
formation. The Fawbush Miller Index has several threshold values (Fawbush 
and Miller, 1953). If the value is greater than 0.4, the air column is stable and 
precipitation is unlikely. If the value is from 0.4 to -2.4, the air column is slightly 
unstable with a chance for precipitation, most likely showers. If the value is from 
-2.5 to -6.4 the air column is moderately unstable, the chance for precipitation is 
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good, and the precipitation may fall from thundershowers or thunderstorms. If 
the value is less than -6.4, the air column is strongly unstable and the chance 
for severe thunderstorms is increased (Table 1 ). 
All of the above indices have focused on the stability of a parcel of air. It 
must be emphasized that stability indices do not predict the actual occurrence of 
thunderstorms, only that conditions may be favorable or unfavorable. The air 
mass needs a lifting mechanism for thunderstorm creation to proceed. There 
are also other parameters not utilized in the stability indices which may affect 
thunderstorm development or the severity of any thunderstorm. Two of those 
parameters, wind velocity and wind direction, were incorporated in the Severe 
Weather Threat (SWEAT) Index. 
The SWEAT index was developed by the Military Weather Warning 
Center (Miller, 1972) following numerous case studies dealing with severe 
weather caused by convection and is used to predict an area of potentially 
severe weather caused by convection. The SWEAT Index is 
SW= (12*TDas)+(20*(TT-49))+(2*Fas)+Fso+(12S*(S+0.2)) (8) 
where TDas is the SS kPa dew point temperature (OC), IT is the Total Totals 
Index, Fas is the wind velocity (kts) at the as kPa height, and Fso is the wind 
velocity (kts) at SO kPa. S is the directional wind shear between as kPa and 
SO kPa computed as 
s = Sin (Dso - Das> (9) 
where Dso is the so kPa wind direction (deg) and Das is the as kPa wind 
direction (deg). When computing the SWEAT Index (Miller, 1972) the first and 
second terms are restricted to positive values (i.e., if either term results in a 
negative value, it is set to zero). The last term is set to zero unless all of the 
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following conditions occur: the 85 kPa wind direction is between 130 and 
250 degrees, the 50 kPa wind direction is between 21 O and 31 o degrees, the 
85 kPa wind direction subtracted from the 50 kPa wind direction yields a 
positive value, and both the 85 kPa and the 50 kPa wind velocities are at least 
15 knots (7.7 mis). 
Threshold values for thunderstorms are not defined for the SWEAT Index. 
However, this study will examine SWEAT values and determine threshold 
levels for thunderstorm occurrence. The SWEAT Index was included in the 
study to determine its effectiveness in predicting whether thunderstorms occur 
or not, and how it ranks against the Showalter, K, Vertical Totals, Cross Totals, 
and Total Totals indices. 
It is important to note that an index by itself should not be used to forecast 
thunderstorms. An index is simply a tool that can be calculated very quickly and 
give the forecaster an indication of the stability of the atmosphere. Many times 
other conditions such as a frontal passage, a decrease in moisture inflow, or an 
upper level cap will stunt any thunderstorm growth even when the indices have 
values which show thunderstorm development is favorable. At other times 
conditions such as a frontal passage may enhance the opportunity for 
thunderstorm development even when the indices do not indicate the 
atmosphere is favorable for such development. This is not to say that indices 
should not be valued. They should be a first check to evaluate the stability of 
the atmosphere. From that point, other conditions should be studied. The 
indices utilized in this study, Showalter, K, Vertical Totals, Cross Totals, Total 
Totals, and SWEAT, were chosen for several reasons. First, they contain a 
number of important parameters. These include vertical temperature change, 
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amount of low level moisture, and information on wind speed and direction. 
Each index has at least one or more of these parameters. Second, each index 
can be calculated very quickly, with the use of only a few pieces of data. This 
allows for speed and simplicity in the computations. Since indices are used as 
tools during the early stages of forecasting, it is very important for the values to 
be available quickly. 
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Chapter 3 
Data and Methodology 
In order to evaluate the selected indices (Showalter, K, Vertical Totals, 
Cross Totals, Total Totals, and SWEAT} during thunderstorm events and 
analyze the atmosphere during these events as well as non-thunderstorm 
events, this study utilized radiosonde observations taken at the Eppley Airfield 
station in Omaha, Nebraska from March 1 through September 30 for the years 
1964 through 1973. The indices computed from these soundings were 
separated into two categories, thunderstorm and non-thunderstorm, according 
to their individual criteria. Index means and standard deviations were 
calculated to determine seasonal changes. Also, skill scores were computed 
from the index values to determine which index does the best job of forecasting 
whether thunderstorms occur or not, at what value, and during which part of the 
year. 
The initial step in the data gathering process was to collect information 
on each thunderstorm that occurred during the 10 year period. Thunderstorm 
events were defined based on starting and ending times obtained from 
Thunderstorm Beginning and Ending Times (TD-9945} from World WeatherDisc 
Associates, Inc. (1989}. It is important to note that for a thunderstorm to be 
reported, thunder must be heard at the station. Table 2 is a sample of 
thunderstorm data. 
The second step was to obtain upper air data corresponding to the study 
period. Upper air data are collected twice daily, at 00 UTC and 12 UTC, by 
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Table 2. Sample Thunderstorm data from World WeatherDisc 
for Eppley Airfield station, Omaha, Nebraska, in Local Time. 
Start End Start End Start End 
Station# Year Month ~ Iima ~ Ii.alli Ii.cna Ii.alli Ii.Im 
14942 48 3 18 2138 2228 
14942 48 4 4 2256 0125 
14942 48 4 19 2032 2120 
14942 48 4 22 0134 0225 1952 2020 
14942 48 4 24 1726 1806 
14942 48 4 26 1343 1402 
14942 48 4 29 2342 0038 
14942 48 4 30 0423 0448 
14942 48 5 14 2040 2350 
14942 48 5 21 0204 0225 0525 0725 1143 1215 
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radiosonde. The archived data include temperature, dew point temperature, 
derived wind direction, and derived wind velocity. The values are recorded at 
mandatory pressure levels (the surface, 100 kPa, 85 kPa, 70 kPa, 50 kPa, 
40 kPa, 30 kPa, 25 kPa, 20 kPa, 15 kPa, and 10 kPa). There are also a number 
of significant levels at which data are recorded. These levels are where 
significant changes or inflection points in temperature, dew point temperature, 
or derived wind parameters occur. The radiosonde data for Omaha were taken 
from NCAA Raab and Wind Data (1986). Soundings with missing data required 
for index computations were excluded from this analysis. Data were assumed 
missing if a value of 99 was given for temperature or dewpoint temperature or if 
values of 500 and 250 were given for wind direction and wind speed 
respectively. Table 3 is a sample of upper air data. 
Upon acquiring the data, a number of steps were taken to process the 
data. The first step was to determine a thunderstorm event. Because the 
thunderstorm data are archived in Local Time and the upper air data are 
archived in UTC, the thunderstorm data were converted to UTC. The starting 
time of the thunderstorm was classified in either the 12 UTC to 00 UTC category 
(6:00 AM CST to 6:00 PM CST), or the 00 UTC to 12 UTC category (6:00 PM 
CST to 6:00 AM CST of the following day). Upon completion of this step, each 
12 hour time frame during the study period is categorized either as a 
thunderstorm or non-thunderstorm event. There was no distinction made 
between one or many thunderstorms reported, the category was simply 
thunderstorm. Only the starting time of thunderstorms was considered. 
Therefore, if a thunderstorm began near the end of one 12 hour period and 
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Table 3. Sample Upper Air Data from 
NCAA Raob and Wind Data. 
Dew point Wind Wind 
.Qate. urc EWSSU[a t:laigbt Iarnga[atu[a Iarngar:atu[a Oi[actica ~alacit)l 
(mb) (gpm) (OC) (OC) (degrees) (knots) 
65 71 00 974.0 403.0 26.1 17.9 110.0 5.0 
65 71 00 956.0 560.0 23.2 10.8 500.0 250.0 
65 71 00 950.0 610.0 22.7 10.7 97.0 6.0 
65 71 00 900.0 1094.0 18.4 10.6 94.0 8.0 
65 71 00 885.0 1230.0 17.2 10.4 500.0 250.0 
65 71 00 850.0 1583.0 18.0 3.6 122.0 4.0 
6571 00 700.0 3217.0 7.9 -10.0 317.0 7.0 
65 71 00 500.0 5907.0 -9.0 -26.1 306.0 20.0 
65 71 12 970.0 403.0 19.7 18.2 150.0 7.0 
65 71 12 950.0 600.0 19.3 16.9 154.0 11.0 
65 71 12 908.0 990.0 18.4 14.2 500.0 250.0 
65 71 12 900.0 1050.0 19.3 13.3 153.0 16.0 
65 71 12 880.0 1240.0 21.1 9.8 500.0 250.0 
65 71 12 850.0 1543.0 19.3 8.1 147.0 9.0 
65 71 12 700.0 3183.0 8.3 1.7 263.0 21.0 
65 71 12 500.0 5872.0 -8.9 -9.0 266.0 20.0 
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continued into the next 12 hour period, that thunderstorm was only registered 
for the period during which it began. 
The second step in processing the information involved computing each 
of the indices for the corresponding 12 hour periods. During this process, each 
of the six indices was calculated for the entire study period. The values were 
then categorized into their corresponding months of the study: March, April, 
May, June, July, August, and September. If any required upper air data 
affecting an index calculation was missing, the affected index was not 
calculated for that 12 hour period. 
Non-thunderstorm events greatly outnumber thunderstorm events. 
March thunderstorm events consist of only 1.4 percent of all events for that 
month. During April, August, and September, less than 10 percent of all events 
for those months contain thunderstorm events. During May through July, when 
more thunderstorms occur, thunderstorm events account for from 13 to 16 
percent of all events. These differences in thunderstorm frequency need to be 
considered when comparing statistics from different months. For example, 
when evaluating means and standard deviations for March, the small number of 
thunderstorm events will bias the data. A mean with 600 events is much more 
reliable (or robust) than a mean with fewer than 10 events. This may cause 
unexplained variations in the analysis, especially during March, and to a lesser 
degree during April, August, and September. The other three months do have 
slightly more balance between thunderstorm and non-thunderstorm events, but 
for the entire study period, the large disparity must be recognized. 
A test was done to evaluate the amount of difference between 
thunderstorm and non-thunderstorm means for each index, both for the entire 
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season and monthly. The test is called a difference-of-means test, taking into 
consideration the mean value, the standard deviation, and the number of events 
of each category. At score is calculated and is evaluated to determine the 
probability that the means are statistically different (Blalock, 1979). The 
equation to calculate tis 
t = (TSmean - NTSmean) I Std. Err. (10) 
with TSmean the thunderstorm mean, NTSmean the non-thunderstorm mean, 
and Std. Err. the estimate of the standard error of the difference between the two 
means. The equation for this estimate is 
Std. Err. = (((Nts * (sts)2) + (Nnts * (snts)2)) I (Nts + Nnts - 2)) 1 /2 (11) 
with Nts the number of thunderstorm events, Sts the standard deviation of the 
thunderstorm mean, Nnts the number of non-thunderstorm events, and snts the 
standard deviation of the non-thunderstorm mean. 
In order to determine the accuracy of each of the indices in this study, to 
find out if each index accuracy varies from month to month, and to seek an 
optimum monthly threshold value each index could utilize to reach its greatest 
predictive accuracy, a skill score analysis was undertaken. A skill score is a tool 
designed to remove bias from prediction of a category by chance and show the 
true capability an index has in accurately predicting an outcome. Therefore, 
skill scores can indicate how well an index predicts an event will happen and 
how well it predicts the event will not happen taking into account chance. The 
skill score used in this study was the Heidke skill score (Wilks, 1995). The 
Heidke skill score is computed by the equation 
HSS = (2 * ((a*d) - (b*c))) I (((a+c) * (c+d)) + ((a+b) * (b+d))). (12) 
This skill score creates four categories (Figure 1 ). The first category (variable a) 
Forecasted 
Thunderstorm 
Event 
Observed 
Thunderstorm 
Event 
Yes 
27 
No 
Yes b 
No 
a 
c d 
Figure 1. Skill Score schematic utilized in calculated Heidke Skill Score. 
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is the count of the number of times a thunderstorm was forecasted and a 
thunderstorm occurred. The next category (variable b) is the count of the 
number of times a thunderstorm was forecasted and a thunderstorm did not 
occur. The third category (variable c) is the count of the number of times a 
thunderstorm was not forecasted and a thunderstorm occurred. The final 
category (variable d) is the count of the number of times a thunderstorm was not 
forecasted and a thunderstorm did not occur. 
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Chapter 4 
Index Mean Analysis 
The first two research questions (Is there any seasonal change in the 
index values? Should given index threshold values remain the same 
throughout the year?) require an analysis of the monthly means for each index 
in the study, as well as differences in means between thunderstorm events and 
non-thunderstorm events. The study evaluates the differences between 
thunderstorm and non-thunderstorm periods and the monthly change of each 
index mean by comparing individual index means and standard deviations. 
Conclusions will be drawn based on the differences between the mean values. 
4.1 Seasonal and Monthly Means 
The data obtained for the 10 year study were examined to determine the 
mean and standard deviation of each index value for each month. This analysis 
was done to find differences in means between thunderstorm and non- 
thunderstorm events, to identify mean monthly trends that occur, and to find 
differences between the published threshold values for each index and actual 
means. A difference-of-means test (Blalock, 1979) was performed to evaluate 
the amount of difference between means of each category, both thunderstorm 
and non-thunderstorm, monthly and seasonally. The test produces at score, 
which is evaluated to give a probability that the means are statistically different 
(i.e., the means are representative of two separate populations). 
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4.1.1 Showalter Index 
When the Showalter Index is calculated separately for thunderstorm and 
non-thunderstorm events, thunderstorm occurrences have a smaller seasonal 
index mean than non-thunderstorm occurrences (Table 4 and Figure 2). Based 
on the Showalter Index, the smaller the index value, the more unstable the 
atmosphere, therefore thunderstorms are more likely to occur during greater 
atmospheric instability. Thus the mean Showalter Index for thunderstorm 
events should be less than the mean for non-thunderstorm events. The 
seasonal thunderstorm mean is 1.3, with a standard deviation of 2.9, while the 
seasonal non-thunderstorm mean is 4.2, with a standard deviation of 4.0. The 
published threshold value for the Showalter Index is 3. A value of 3 or less 
represents cases where thunderstorms might be expected (Showalter, 1953). 
The difference between thunderstorm and non-thunderstorm means for Omaha 
leads one to believe that there are distinct differences between thunderstorm 
and non-thunderstorm events when using the Showalter Index. However ' 
standard deviations for each category indicate a large amount of overlap. The 
overlap means that there are both thunderstorm and non-thunderstorm events 
with similar Showalter Index values. 
It is important to note that a single threshold value used in predicting 
whether thunderstorms will occur or not throughout the study period or season 
may not be as accurate as a threshold value which changes from month to 
month. Therefore, monthly mean values were obtained to compare the 
changes that take place throughout the study period. The non-thunderstorm 
means are at a maximum in March, decrease to a minimum in May, and then 
increase gradually through September, while the thunderstorm means are at a 
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Table 4. Showalter Index seasonal and monthly means, standard 
deviations, number of events, and difference-of-means results. 
Ibuaderstcrm ~ca-tbuaderstcaD Oifferea~-c1-rneaas 
Month ~ St. Qev.. N ~ St. Qey. N t score fill 
March -.1 2.6 9 5.6 5.1 606 1.122 75-90 
April .9 3.0 41 3.8 4.0 557 .735 75-90 
May .3 2.8 rt 3.1 3.9 536 .740 75-90 
June .5 2.5 96 3.3 3.1 500 .928 75-90 
July 1.5 2.5 80 3.5 3.2 535 .640 60-75 
August 2.3 2.5 54 4.2 3.4 563 .569 60-75 
September 3.2 3.5 51 5.5 4.2 543 .554 60-75 
Season 1.3 2.9 408 4.2 4.0 3840 .742 75-90 
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Figure 2. Showalter Index mean values for the season and each month during 
the study, thunderstorm and non-thunderstorm. Dashed line represents the 
published threshold value. 
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minimum in March, sharply higher in April, lower in May, and then gradually 
increase through September (Figure 2). From May through September, the 
thunderstorm and non-thunderstorm means are similar in when they rise and 
fall. March and April, however, are quite different. It is important to note that 
during the ten year period, only nine thunderstorms occurred during the month 
of March. With so few observations, any conclusions drawn may be biased. 
The published Showalter Index threshold value for the entire study 
period is 3 (Showalter, 1953). During March, July, and August, that value may 
be useful as a cutoff between thunderstorms and non-thunderstorms. But in 
May and June, the non-thunderstorm means are 3.1 and 3.3, and with the 
calculated standard deviations, a large number of Showalter Index values for 
non-thunderstorms are below 3. Therefore, the threshold level may need to be 
lowered during May, June, and July, and raised in March, April, August, and 
September. 
4.1.2 K Index 
Means and standard deviations were calculated for the K Index (Table 5 
and Figure 3). The seasonal thunderstorm mean for this index is 25.6, with a 
standard deviation of 9.2, while the non-thunderstorm mean is 13.8, with a 
standard deviation of 14.3. The thunderstorm mean values are greater than the 
non-thunderstorm mean values. According to George (1960), the greater the 
K Index value above 20, the more unstable the atmosphere and the better the 
chance of a thunderstorm occurring. Therefore, it is expected that thunderstorm 
events would have higher K values than non-thunderstorm events. As with the 
Showalter Index, the means are different, but sizeable standard deviations 
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Table 5. K Index seasonal and monthly means, standard 
deviations, number of events and difference-of-means results. 
Ibuadarsarm ~aa-tbuadi;m~tall!l Qiffa~a~-gf-rnaaas 
Month ~ St. Dev. N Mean St. Qey. N 1 score fill 
March 18.9 8.6 9 2.3 13.6 606 1.220 75- 90 
April 20.4 11.1 41 9.0 13.0 556 .884 75- 90 
May 25.2 7.8 77 14.5 12.3 535 .903 75-90 
June 26.9 8.1 96 19.2 11.4 500 .703 75-90 
July 27.2 8.7 80 21.4 12.2 532 .491 60-75 
August 27.1 8.9 54 18.6 12.5 563 .694 75-90 
September 24.8 10.2 51 13.8 14.1 543 .795 75-90 
Season 25.6 9.2 408 13.8 14.2 3835 .855 75-90 
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Figure 3. K Index mean values for the season ~nd each month during the study, 
thunderstorm and non-thunderstorm. Dashed line represents the published 
threshold value. 
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allow for overlap. There are also differences in mean monthly values between 
thunderstorm and non-thunderstorm events for K Index values. 
The monthly thunderstorm means have a minimum value in March, 
increasing steadily through July, then decreasing into September (Figure 3). 
The non-thunderstorm means follow a similar pattern of a minimum in March, 
increasing to a maximum in July, and decreasing through September. Once 
again, the seasonal changes in monthly means show the need for a flexible 
threshold value. In July, the non-thunderstorm mean is 26.4 with a standard 
deviation of 3.6, allowing for a large number of false alarms. Remember that a 
K Index value of 20 or more represents cases where thunderstorms might be 
expected (George, 1960). In March, the thunderstorm mean is 18.9, meaning 
that several thunderstorm events during that month had K Index values less 
than 20. Again, it is important to note that only 9 thunderstorms occurred during 
this month, so the mean may not be as representative as it would be in June. 
Consideration of convergence or divergence at low levels was not included in 
this study. 
4.1.3 Vertical, Cross, and Total Totals Indices 
The means and standard deviations of the Vertical Totals Index (Table 6 
and Figure 4) show that thunderstorm means are greater than the non- 
thunderstorm means. The seasonal thunderstorm mean for this index is 27.9, 
with a standard deviation of 3.4. The seasonal non-thunderstorm mean is 25.1 , 
with a standard deviation of 4.5. The Vertical Totals Index calculates the 
difference between the 85 kPa temperature and the 50 kPa temperature. The 
greater the difference, the more unstable the atmosphere is, with thunderstorms 
35 
Table 6. Vertical Totals Index seasonal and monthly means, standard 
deviations, number of events, and difference-of-means results. 
Ibuaderstcrrn ~ca-lbuadersicrrn Oiffewa~-cf-rneaas 
Month ~ St. Dey. N ~ St. Qey. N t score EID 
March 28.8 5.0 9 22.4 5.5 606 1.163 75- 90 
April 26.7 2.7 41 25.0 4.5 557 .386 60-75 
May 28.8 3.7 77 26.2 4.5 536 .589 60-75 
June 28.4 2.9 96 26.4 3.7 500 .557 60- 75 
July 28.9 2.7 80 26.4 3.6 535 .714 75-90 
August 27.2 3.0 54 25.8 3.8 563 .374 60- 75 
September 25.3 3.6 51 24.2 4.1 543 .271 60- 75 
Season 27.9 3.4 408 25.1 4.5 3840 .635 60-75 
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Figure 4. Vertical Totals Index mean values for the season and each month 
during the study, thunderstorm and non-thunderstorm. Dashed line represents 
the published threshold value. 
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being more likely in an unstable atmosphere. The published threshold value for 
this index is 26 (Miller, 1972). 
The Vertical Totals Index thunderstorm monthly means (Figure 4) display 
a high value during March, a dramatic decrease in April, a sharp jump in May, a 
slight drop in June, a maximum value in July, and then a sharp drop to a 
minimum in September. The non-thunderstorm monthly means are much more 
consistent, starting at a minimum in March, increasing to a maximum through 
June and July, and falling through September. The dramatic swings taken by 
thunderstorm events make it more difficult to find an optimum flexible threshold 
value. However, the consistency of the non-thunderstorm values can be 
utilized. Vertical Totals Index values of 26 or above represent events where 
thunderstorms might occur (Miller, 1972). From May through August, the non- 
thunderstorm means are above or only slightly below this value. This should 
again back up the point that flexible threshold values may be required. 
Again, the monthly values confirm the overlap between thunderstorm 
events and non-thunderstorm events. This clouds the picture, but it still shows a 
separation between events. During March, the means are at their greatest 
distance from each other, but with standard deviations of 5.5 and 5.0, there are 
still thunderstorm events which are predicted as non-thunderstorm events and 
non-thunderstorm events predicted as thunderstorm events. In June the means 
are the closest, but the standard deviations are also the smallest. However, 
there are still actual thunderstorm events predicted as non-thunderstorm cases 
and non-thunderstorm events predicted as thunderstorm cases. 
The seasonal thunderstorm mean of the Cross Totals Index is 19.5, with 
a standard deviation of 5.0, while the seasonal non-thunderstorm mean is 15.3, 
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with a standard deviation of 6.4. The published threshold value for this index is 
18 (Miller, 1972). The Cross Totals Index means and standard deviations for 
the season and each month in the study show that the thunderstorm means are 
greater than the non-thunderstorm means. One exception is July, where the 
means are relatively close (Table 7 and Figure 5). The Cross Totals Index 
calculates the amount of moisture in the lowest levels of the atmosphere. The 
greater the value, the more moisture available. Since thunderstorms feed on 
low level moisture, it is no surprise that the thunderstorm means have greater 
values than the non-thunderstorm means. 
The thunderstorm mean increases to a maximum value in April, dropping 
slightly in May, rising back the maximum in June, dropping dramatically to a 
minimum in July, and then rising slightly through September. The non- 
thunderstorm mean begins at a minimum in March, gradually rising to a 
maximum in July, and then decreasing through September (Figure 5). 
According to Miller (1972), Cross Totals Index values of 18 or above represent 
cases where thunderstorms might occur. Using this value, the means of non- 
thunderstorm events are all less than the threshold. However in July, the 
thunderstorm mean is 18.2, which means that many thunderstorm events have 
values less than 18. Yet the non-thunderstorm mean in July is 16.5, so a 
lowering of the threshold value would simply allow more non-thunderstorm 
events above the level. Once again, the overlap from the standard deviations 
allows for a number of events to occur with values quite different from their 
means. 
The Total Totals Index has a seasonal thunderstorm mean of 47.4 and a 
standard deviation of 6.2. The seasonal non-thunderstorm mean is 40.5, 
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Table 7. Cross Totals Index seasonal and monthly means, standard 
deviations, number of events, and difference-of-means results. 
Ibum.1arstQrm ~Qa-tbuadarstQrm Ciffai:aa~-Qf-maaas 
Month ~ St. Cev. N ~ St Cev. N t score EID 
March 19.9 4.4 9 13.5 7.3 606 .879 75-90 
April 20.8 5.6 41 15.3 6.7 557 .828 75-90 
May 20.0 4.7 77 16.1 6.0 536 .665 60-75 
June 20.8 4.5 96 16.4 5.0 500 .892 75-90 
July 18.2 4.7 80 16.5 5.1 535 .336 60-75 
August 18.5 4.1 54 15.7 5.7 563 .501 60- 75 
September 18.6 6.0 51 14.2 7.4 543 .603 60- 75 
Season 19.5 5.0 408 15.3 6.4 3840 .669 60-75 
0 Thunderstorm 
30 • Non-thunderstorm 
10 
March April May June July August Sept. Season 
Month 
Figure 5. Cross Totals Index mean values for the season and each month 
during the study, thunderstorm and non-thunderstorm. Dashed line represents 
the published threshold value. 
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having a standard deviation of 8.8. The published threshold value for this index 
is 44 (Miller, 1972). The seasonal and monthly means and standard deviations 
of the Total Totals Index show that the thunderstorm means are all greater than 
the non-thunderstorm means, with the largest difference occurring in March, 
narrowing from July through September (Table 8 and Figure 6). The Total 
Totals Index takes into account both the temperature difference of the Vertical 
Totals Index and the low level moisture of the Cross Totals Index. The higher 
the value, the greater the opportunity for thunderstorm development. Therefore, 
the larger thunderstorm means are expected. The standard deviation overlap is 
again important to note. 
The thunderstorm mean is at a high value in March, dropping slightly in 
April, increasing to a maximum in June, and then decreasing to a minimum 
through September. The non-thunderstorm mean begins with a minimum in 
March, gradually rising to maxima in June and July, and decreasing through 
September. With the exception of March, both the thunderstorm and non- 
thunderstorm means increase into June and July, and decrease through 
September. Miller (1972) has stated that Total Totals Index values of 44 or 
above represent events where thunderstorms might occur. It is apparent that 
this value may need to be changed during certain months, such as raising it 
from March through June. 
4.1.4 SWEAT Index 
The analysis of the SWEAT Index shows that the thunderstorm means for 
the season and all months in the study are greater than the non-thunderstorm 
means (Table 9 and Figure 7). The seasonal thunderstorm mean is 186.1 with 
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Table 8. Total Totals Index seasonal and monthly means, standard 
deviations, number of events, and difference-of-means results. 
Ibuaderstarm ~aa-tbuaderstarm Oiffarem:~e-af-rneaas 
Mgath Mean St Qey. N Mean St Oev. N t score EID 
March 48.7 5.2 9 35.9 10.8 606 1.190 75-90 
April 47.5 6.6 41 40.3 8.8 557 .829 75-90 
May 48.8 5.9 rt 42.2 8.2 536 .829 75-90 
June 49.3 5.4 96 42.9 6.7 500 .982 75-90 
July 47.1 5.7 80 42.9 6.8 535 .629 60-75 
August 45.7 5.4 54 41.5 7.3 563 .586 60- 75 
September 43.9 7.6 51 38.4 9.4 543 .593 60-75 
Season 47.4 6.2 408 40.5 8.8 3840 .804 75-90 
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Figure 6. Total Totals Index mean values for the season and each month during 
the study, thunderstorm and non-thunderstorm. Dashed line represents the 
published threshold value. 
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Table 9. SWEAT Index seasonal and monthly means, standard 
deviations, number of events, and difference-of-means results. 
Ibuaderstacrn t::Jaa-tbuaderstaan Qiffecea~-af-rneaas 
Month ~ St. Qev. N ~ St. Qey. N t score EID 
March 166.5 125.5 9 65.6 58.1 601 1.689 95 - 97.5 
April 163.3 102.6 41 79.8 71.5 551 1.125 75- 90 
May 174.5 110.6 77 89.5 79.1 531 1.013 75-90 
June 216.3 105.9 95 118.6 76.9 494 1.186 75-90 
July 187.0 102.3 80 141.7 79.3 530 .547 60- 75 
August 173.3 76.0 52 129.7 69.5 554 .621 60-75 
September 180.3 98.2 49 106.9 85.1 530 .849 75-90 
Season 186.1 103.5 403 103.7 78.7 3791 1.012 75-90 
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Figure 7. SWEAT Index mean values for the season and each month during the 
study, thunderstorm and non-thunderstorm. 
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a standard deviation of 103.5, while the seasonal non-thunderstorm mean is 
103.7, having a standard deviation of 78.7. For this index, there is no published 
threshold value pertaining to the occurrence or absence of thunderstorms. The 
SWEAT Index (8) is derived so that the greater the value, the greater the threat 
of severe weather. Although not specifically designed for thunderstorms, 
severe weather is often embedded in thunderstorms, and it is expected. that 
higher SWEAT Index values will correspond with a greater chance of 
thunderstorm occurrences. The seasonal means show a fairly large separation 
of the two events, although a small overlap occurs between events as 
represented by the standard deviations. 
On a monthly time scale, the SWEAT Index mean for thunderstorm 
events is at a low value in March, drops to a minimum in April, rises sharply to a 
maximum through June, drops dramatically through August, and then rises 
slightly in September. The non-thunderstorm mean begins at a minimum in 
March, rising gradually through May, rising more sharply through July to a 
maximum, and then dropping through September (Figure 7). It would appear 
that it would need to be flexible as each month progressed. The SWEAT Index 
values are across such a broad range, it may not be feasible to have a 
threshold level. 
4.1.5 Diurnal Separation 
Upper air data gathered by radiosonde are collected twice daily, once 
during the morning (6 AM CST, 12 UTC), and once during the early evening 
(6 PM CST, 00 UTC). It might be expected that significant differences would 
exist between morning and evening indices. To address this issue, the data 
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were analyzed by separating the 00 UTC and 12 UTC events, creating four data 
sets for each index, thunderstorm 00 UTC, thunderstorm 12 UTC, non- 
thunderstorm 00 UTC, and non-thunderstorm 12 UTC. 
The results of this analysis show that there are very few differences 
between 00 UTC and 12 UTC means for any index or period of the study 
(Figure 8). The differences that did occur usually were found between 
thunderstorm means. With the small number of thunderstorm events being 
broken down into a smaller number of events, a single occurrence could create 
the differences. This diurnal division was originally inspected because it was 
felt that differences might occur in the atmosphere between the morning and 
early evening. While surface temperatures do, in general, dramatically change 
between morning and early evening, surface temperatures are not integral 
parameters in the indices chosen for this study. Because the atmospheric data 
utilized in the indices are high enough above the surface that diurnal 
temperature changes would not greatly affect their calculations, very few 
differences in the 00 UTC and 12 UTC means were found. 
4.2 Seasonal and Monthly Mean Summary 
Overall, in studying the results of the seasonal and monthly mean values 
for each of the six indices, the following conclusions are drawn. First, there are 
differences between thunderstorm and non-thunderstorm seasonal means, 
although the differences are not highly significant, statistically. Second, upon 
comparing the seasonal means to the published threshold values of the first five 
indices in the study, the published values do fall in between the thunderstorm 
and non-thunderstorm means, however not directly in between. Third, the 
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Figure 8. Showalter Index mean values for each month during the study, 
thunderstorm and non-thunderstorm, 00 UTC and 12 UTC. 
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monthly mean index values of both thunderstorms and non-thunderstorms 
change throughout the study period, lending support for more flexibility in 
published threshold values. However, overlap in standard deviations do not 
allow for a complete division between the two categories. Fourth, diurnal 
separation of each of the thunderstorm and non-thunderstorm means makes 
very little difference in the interpretation of the data. 
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Chapter 5 
Index Performance Analysis 
While the earlier sections have discussed the general premises of 
stability indices and showed that differences do occur between index means of 
thunderstorm and non-thunderstorm events, a number of questions have yet to 
be investigated. First, which of the indices utilized in this study are the most 
accurate in predicting whether thunderstorms occur or not? Second, do the 
thunderstorm forecast accuracies of each index vary from month to month? 
Third, is there an optimum threshold value each index could utilize for each 
month in the study to reach its greatest predictive accuracy? In order to answer 
these questions, an investigation was launched using skill score analysis. A 
skill score is a tool designed to remove bias from prediction of a category by 
chance and show the true capability an index has in accurately predicting an 
outcome. Therefore, skill scores are utilized to not only give an indication of 
how well an index predicts an event will happen, but also how well it predicts 
the event will not happen taking into account chance. The skill score used in 
this study was the Heidke skill score (Wilks, 1995). This skill score ranges from 
1 to -1, with 1 being the best and 0 being the worst. Any negative values 
indicate an inverse relationship with the parameters being tested. 
A range of threshold values, spanning the published value, was used to 
separate thunderstorm from non-thunderstorm events. For example, the 
Showalter Index was given a range of values from -1 Oto 1 o. Next, a skill score 
was computed for each index using each of the thresholds over the range. 
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Final categories are created by checking whether a thunderstorm actually 
occurs or not. The categories are as follows: 1) predicted thunderstorm event 
and thunderstorm occurrence, 2) predicted thunderstorm event and no 
thunderstorm occurrence, 3) predicted non-thunderstorm event and no 
thunderstorm occurrence, and 4) predicted non-thunderstorm event and 
thunderstorm occurrence. The tallies are gathered from the four categories and 
a skill score is calculated. The same procedure would then be done again 
using -9 as the threshold value, and so on. Upon completion, each threshold 
value used in the program would have a corresponding skill score. The higher 
the skill score, the greater the number of events that are correctly placed in 1 
and 3, above, determining the optimum threshold value where the fewest 
number of incorrect forecasts are made. Upon analyzing the skill score values 
over a given range of threshold values, maximum monthly skill scores for each 
index are tabulated (Table 10). 
The skill score is an especially important tool in this study because of the 
fact that the predicted non-thunderstorm event and no thunderstorm occurrence 
category has the majority of the tallies. Even though the skill score tool is 
designed to take away bias, there may still be some inaccuracy to the scores 
during the month of March, when thunderstorm events are recorded during less 
than two percent of the 12 hour periods during the study. 
5.1 Showalter Index 
Threshold values for the Showalter Index were varied from -10 to 10 
(Figure 9). March, April, August, and September maximum skill scores are all 
less than 0.15. Using any threshold value during this period, the Showalter 
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Table 1 o. Maximum monthly skill scores with respective threshold values. 
Monthly skill scores with respective published threshold values. 
Showalter, K, Vertical Totals, Cross Totals, Total 
Totals, and SWEAT Indices. 
Maximum Published 
Skill Threshold Skill Threshold 
!.rum Month .s.@m ~ ~ ~ 
Showalter March 0.14 -3 0.04 3 
Showalter April 0.13 1 0.08 3 
Showalter May 0.19 -3 0.12 3 
Showalter June 0.33 0 0.15 3 
Showalter July 0.20 1 0.13 3 
Showalter August 0.13 1 0.08 3 
Showalter Sept. 0.12 -2 0.09 3 
K March 0.26 30 0.06 20 
K April 0.21 26 0.14 20 
K May 0.26 25 0.20 20 
K June 0.19 27 0.15 20 
K July 0.10 23 0.08 20 
K August 0.15 27 0.09 20 
K Sept. 0.19 27 0.10 20 
Vert. Totals March 0.22 34 0.04 26 
Vert. Totals April 0.07 26 0.07 26 
Vert. Totals May 0.16 31 0.10 26 
Vert. Totals June 0.17 28 0.13 26 
Vert. Totals July 0.16 27 0.12 26 
Vert. Totals August 0.07 27 0.05 26 
Vert. Totals Sept. 0.08 28 0.06 26 
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Table 10. (cont.) 
Maximum Published 
Skill Threshold Skill Threshold 
Month ~ ~ .s@m Ya!w1 
Cr. Totals March 0.09 27 0.02 18 
Cr. Totals April 0.25 25 0.11 18 
Cr. Totals May 0.22 22 0.13 18 
Cr. Totals June 0.36 22 0.21 18 
Cr. Totals July 0.13 23 0.06 18 
Cr. Totals August 0.13 23 0.06 18 
Cr. Totals Sept. 0.15 24 0.10 18 
Tot. Totals March 0.18 53 0.06 44 
Tot. Totals April 0.18 50 0.11 44 
Tot. Totals May 0.24 51 0.15 44 
Tot. Totals June 0.34 50 0.17 44 
Tot. Totals July 0.20 48 0.12 44 
Tot. Totals August 0.16 49 0.08 44 
Tot. Totals Sept. 0.12 47 0.10 44 
SWEAT March 0.34 290 
SWEAT April 0.24 235 
SWEAT May 0.31 160 
SWEAT June 0.41 200 
SWEAT July 0.15 270 
SWEAT August 0.15 185 
SWEAT Sept. 0.17 210 
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Figure 9. Skill score values versus threshold values for the Showalter Index 
during each month of the study. 
50 
51 
Index would not be particularly helpful in predicting whether thunderstorms 
occur or not. The skill scores are very near zero, which means that the index 
would give correct forecasts just slightly more than half of the time. The three 
highest maximum skill scores calculated are June with a score of 0.33 at a 
threshold value of 0, July with a score of 0.20 at a threshold value of 1, and May 
with a score of 0.19 at a threshold value of -3. 
The month-to-month differences in maximum-skill threshold value should 
be noted. The maximum-skill threshold values increase from March through 
June, and then decrease through September. Also, it is important to note the 
differences between the skill scores using the published threshold value of 
three and the maximum skill scores with their respective threshold values. For 
each month of the study, the skill score using the published threshold value is 
lower than the maximum skill scores (Table 10). This demonstrates that, for 
Omaha, a threshold value of 3 when using the Showalter Index would not give 
a forecaster the most accurate indication of whether a thunderstorm would 
occur or not. 
5.2 K Index 
Threshold values for the K Index were varied from 5 to 40 (Figure 10). 
The months of March and May contain the highest skill scores for this index. 
March has a maximum skill score of 0.26 at a threshold value of 30. May has a 
maximum skill score of 0.26 at a threshold value of 25 and has a score of just 
less than 0.26 at a threshold value of 27. April follows with a maximum score of 
0.21 at a threshold value of 26. June and September both have maximum 
scores of 0.19, at a threshold value of 27. September has a maximum score 
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Figure 1 o. Skill score values versus threshold values for the K Index during 
each month of the study. 
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slightly less than 0.19 at a threshold value of 38. August has a maximum skill 
score of 0.15 at a threshold value of 27. July is, according to its maximum skill 
score, the month for which the K Index performs worst for predicting whether 
thunderstorms occur or not, with a maximum score of 0.1 O at a threshold value 
of 23. 
Whereas the Showalter Index has the highest skill scores during May, 
June, and July, the K Index has its highest skill scores during March through 
June. While the Showalter and K indices compute differences in vertical 
temperature and include low level moisture parameters, it should be noted that 
the K Index is the only index utilizing 70 kPa information, which may or may not 
influence the predictive ability of the index. The skill score for the published 
threshold value is less than the maximum and, for all but one month, the 
threshold value yielding the maximum skill score is 25 or higher (Table 1 O). 
Accordingly, the published threshold value for the K Index may not give a 
forecaster the greatest advantage when predicting whether thunderstorms 
occur or not. 
5.3 Vertical, Cross, and Total Totals Indices 
Threshold values for the Vertical Totals Index were varied from 15 to 45 
(Figure 11 ). March has the highest skill score of 0.22 at a threshold value of 34. 
June follows with a maximum score of 0.17 at a threshold value of 28. May and 
July both have maximum scores of 0.16, May at a threshold value of 31 and July 
at a threshold value of 27. July also has a skill score slightly less than 0.16 at a 
threshold value of 29. April, August, and September all have maximum scores 
below 0.1 o. Because of its poor performance, the utilization of the Vertical 
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Totals Index at any threshold value during these months may not be helpful in 
the prediction of whether thunderstorms occur or not. 
Maximum skill scores for each month of the study demonstrate that this 
index does poorly in its prediction of thunderstorm or non-thunderstorm 
occurrences. The index looks only at the vertical temperature change from 
85 kPa to 50 kPa. It could be that this parameter, although important, is not 
enough in itself to make an accurate prediction. Using the published threshold 
value for this index of 26, the skill scores were always less than the maximum 
skill scores, with the exception of April, when the values were identical. Also, for 
each of the other months, the maximum-skill threshold value was higher than 
26 (Table 1 O). This difference again proves that, for Omaha, the published 
threshold values for the Vertical Totals Index do not give the best performance 
in the prediction of whether thunderstorms occur or not. 
The Cross Totals Index monthly skill scores were computed using 
threshold values that vary from 10 to 40 (Figure 12). The highest skill score for 
this index, 0.34, occurs during June at a threshold value of 22. Following June 
is April with a maximum score of 0.25 at a threshold value of 25, and May, with a 
maximum score of 0.22 at a threshold value of 22. September has a maximum 
score of 0.15 at a threshold value of 24, followed by July and August, each 
having a maximum score of 0.13 at a threshold value of 23. Finally, March has 
a maximum score of 0.09 at a threshold value of 27. 
This index focuses on the amount of low level moisture. The higher 
maximum skill scores for this index during April, May, and June, when 
compared to the maximum skill scores of the Vertical Totals Index during t~e 
same months, lead to the possibility that moisture amount is a more valuable 
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parameter than vertical temperature change in predicting whether 
thunderstorms occur or not. 
When using the published threshold value for the Cross Totals Index of 
18, the skill scores are dramatically less than the maximum skill scores. Also, 
the maximum monthly skill scores have threshold values ranging from 22 to 27, 
much different than the published value (Table 10). This again provides 
evidence that, for Omaha, there are threshold values that would be more 
accurate than the published value in the prediction of whether thunderstorms 
occur or not. 
Skill scores were calculated for the Total Totals Index using threshold 
values that vary from 34 to 64 (Figure 13). June has the highest maximum skill 
score of 0.34 at a threshold value of 50. May follows with a maximum skill score 
of 0.24 at a threshold value of 51, while July has a maximum skill score of 0.20 
at a threshold value of 48. March and April both have a maximum skill score of 
0.18, March at a threshold value of 53 and April at a threshold value of 50. 
August has a maximum skill score of 0.16 at a threshold value of 49, and 
September has the lowest maximum skill score of 0.12 at a threshold value of 
47. From this information, it appears this index makes the most correct 
predictions during May, June, and July. However, with the exception of 
September, the maximum skill scores show that for each month in the study, 
many correct forecasts could be made with the use of this index. 
Utilizing the published threshold value for the Total Totals Index of 44, 
the skill scores were once again much less than the maximum skill scores for 
each month. Also, the maximum-skill threshold value ranges from 47 to 53, 
substantially higher than the published value (Table 1 O). 
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The higher maximum skill scores for most months from the Total Totals 
Index compared to the maximum skill scores of both the Vertical and Cross 
Totals leads one to believe that a combination of vertical temperature change 
and low level moisture amount parameters may increase the ability an index 
has in predicting whether thunderstorms occur or not. 
5.4 SWEAT Index 
Skill scores for the SWEAT Index were calculated for each month during 
the study using threshold values that range from 100 to 400, using a value 
increase step of 5 (Figure 14). June has a maximum skill score of 0.41 at a 
threshold value of 200. March has with a maximum skill score of 0.34 at a 
threshold value of 290, and May a maximum skill score of 0.31 at a threshold 
value of 160. April has a maximum skill score of 0.24 at a threshold value of 
235 and a nearly identical skill score slightly less than 0.24 at a threshold value 
of 180. September has a maximum skill score of 0.17 at a threshold value of 
21 O, while July and August both have a maximum skill scores of 0.15, at 
threshold values of 270 and 180 respectively. Through June, the maximum skill 
scores for the SWEAT Index, as compared to the other indices in the study are 
the highest of each index in the study. It is important to note the number of 
parameters this index utilizes. Included are vertical temperature change, low 
level moisture, and wind parameters. 
There is no published threshold value for this index in the prediction of 
whether thunderstorms occur or not. Using the threshold values correlated with 
the monthly maximum skill scores, it might be suggested that a threshold value 
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Figure 14. Skill score values versus threshold values for the SWEAT Index 
during each month of the study. 
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could be between 150 and 250 from April through September. March is much 
different, having a maximum skill score at the threshold value of 290. 
5.5 Index Performance Summary 
Analysis of skill scores for each index demonstrates that during March, 
May, and June, the use of stability indices to forecast whether thunderstorms 
occur or not may be beneficial. A number of skill scores during these months 
are greater than 0.30. This value, while allowing for incorrect forecasts, 
nonetheless may be at a high enough level to aid forecasters. 
During April and July, stability indices may only be somewhat helpful, 
with maximum skill scores ranging from 0.20 to 0.25. These relatively low skill 
scores reveal the deficiencies of the stability indices, but there is guarded 
optimism for their use as an aid in prediction. July, as a general rule, has higher 
upper air temperatures than May and June, creating a thermal cap on vertical 
development. Therefore, even when the tower parts of the atmosphere seem 
ripe for thunderstorm development, no storms may occur. During April, the 
regional weather experiences large changes, with major temperature swings 
and dramatic air mass fluctuations, enough to keep the atmosphere 
unpredictable at best. 
Utilization of indices during August and September may not aid in the 
forecast of thunderstorm occurrence or absence. There are no maximum skill 
scores at or above 0.20 for either month. The stability of the air mass, which is 
what the indices in this study are based on, may not be the most valuable 
information during this time period to give an indication of whether 
thunderstorms will occur or not. In August, much of the same reasoning used 
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for July can also be used, especially the concept of a thermal cap. August 
generally has warm temperatures aloft. This does not allow much chance for 
vertical development, even though surface temperatures are also very warm 
during this time period. September has some of the same characteristics as 
April. While the seasons change, temperatures begin to vary much more and 
air masses tend to move faster than the earlier months. Again, this can make 
prediction of the occurrence or absence of thunderstorms very difficult, because 
of the dramatic changes that can take place in a short period of time. 
The maximum skill scores were evaluated to determine which index has 
the highest maximum skill score for each month. March, May, and June have 
indices which give skill scores with relatively high values. This means that 
although wrong predictions will at times be made, there will be many correct 
forecasts made. In March, the SWEAT Index produces the highest maximum 
skill score of 0.34 while the K Index has a skill score of 0.26. Both of these 
indices use vertical temperature change and moisture parameters but the 
SWEAT also incorporates wind parameters. While there are other indices in the 
study that use the same parameters, the K Index is the only one to use 70 kPa 
information. The utilization of this information may be a reason why the K Index 
skill score is much higher than either the Showalter and Total Totals Indices. As 
was stated earlier, the highest skill score for the SWEAT Index may be due to 
the argument that wind parameters are very important in March when predicting 
whether thunderstorms occur or not, or that the more parameters an index has, 
the better chance it has to be accurate in its predictions. The highest maximum 
skill score for May is 0.31 from the SWEAT Index. The K, Total Totals, and 
Cross Totals skill scores are not far behind at 0.26, 0.24, and 0.22 respectively. 
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June has the overall highest maximum skill scores of 0.41, 0.36, 0.34, and 0.33 
from the SWEAT, Cross Totals, Total Totals, and Showalter Indices, 
respectively. The K Index and Total Totals Index each have two parameters 
affecting their outcome, and they have relatively high skill scores. However, the 
strong showing of the Cross Totals Index in both May and June may show that 
during these months the moisture parameter is very important in the predictive 
equations. The Showalter Index has a very high skill score during June, while 
its score for May is well behind the other indices. May tends to have a more 
fluctuating weather pattern than June, which may not be represented very well 
by the Showalter Index. 
The months of April and July have maximum skill scores that are modest 
in relation to the maximum skill scores of other months. As was stated earlier I 
the changing weather patterns during April and the warm upper atmosphere 
during July may hinder all of the indices in their ability to predict the occurrence 
or absence of thunderstorms. The highest maximum skill score for April is o.25 
from the Cross Totals Index, while the SWEAT, K, and Total Totals Indices have 
values of 0.24, 0.21, and 0.18 respectively. During this month, the key 
parameter would appear to be the amount of moisture, as that is what the Cross 
Totals Index measures. The other indices mentioned take into account moisture 
as a parameter which may help their scores. The highest maximum skill score 
for July is 0.20 from both the Total Totals and Showalter Indices. Both take into 
account vertical temperature change and moisture parameters, and it appears 
that both parameters carry almost equal importance during the month. All of the 
indices seem to have more trouble making accurate predictions, showing a 
marked decrease in their skill scores from previous months. The SWEAT Index 
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has the greatest decrease, possibly because the wind parameters hinder it 
during this time period. 
During August and September, the skill scores of all indices are relatively 
low. As was stated above, August, not unlike July, has very warm upper air 
temperatures, possibly hindering vertical development. September begins a 
transition from summer to autumn and the atmosphere begins to see radical 
changes. The Total Totals and SWEAT Indices produce the highest maximum 
skill scores of 0.16 and 0.15 respectively for the month of August. In 
September, the highest maximum skill score is from the K Index with a score of 
0.19 and the SWEAT Index with a score of 0.17. While not a great deal lower 
than the earlier months, on average August and September produce the lowest 
skill scores for all indices. The indices that produce the highest scores, SWEAT, 
K, and Total Totals, are still those using multiple parameters in their equations. 
From April through July, it appears that the best indices at predicting 
whether thunderstorms occur or not are those which have the most parameters 
affecting them. This is based on the appearance of the SWEAT Index at or near 
the top of each month's skill scores during that time period. The SWEAT Index 
takes into account vertical temperature change, low level moisture, and wind 
parameters. Other indices with temperature change and moisture parameters 
that display relatively high maximum skill scores are the Showalter Index, the 
Total Totals Index, and the K Index. The K Index does much better through the 
early months of the study, indicating that the 70 kPa information may be more 
important in predicting thunderstorms during that time. However, the Cross 
Totals Index also has some relatively high skill scores when compared to 
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multiple parameter indices (e.g., the SWEAT, Showalter, Total Totals, and K 
Indices} and almost always has higher maximum skill scores than the Vertical 
Totals Index when comparing the single parameter indices. This leads to the 
possibility that during much of the study period, low level moisture may be a 
more important parameter for predicting whether thunderstorms occur than is 
the vertical temperature change parameter. 
Once again, it is important to note the differences between the published 
threshold value, the value that is suggested to be used to separate 
thunderstorm versus non-thunderstorm occurrences, of each index and the 
actual threshold value that gives each index its greatest skill in predicting 
whether thunderstorms may occur or not (Table 10). The published Showalter 
Index threshold value is 3, however the maximum-skill threshold value for each 
month was 1 or less. For the K Index, the published threshold value is 20 but 
the lowest maximum-skill threshold value was 23. The published threshold 
value for the Vertical Totals Index is 26. During April, the actual value was 26, 
but for the other months in the study the maximum-skill threshold value was 27 
or greater. The published Cross Totals Index threshold value is 18, but each 
month's maximum-skill threshold value was 22 or greater. Finally, the Total 
Totals Index has a published threshold value of 44. Each month's maximum- 
skill threshold value was 47 or greater. The SWEAT Index does not have a 
published threshold value, therefore the values found to give monthly maximum 
skill scores could be used in the future as threshold values when utilizing the 
index. 
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Chapter 6 
Summary and Conclusion 
Forecasters are constantly looking for tools that are efficient and accurate 
when predicting whether thunderstorms may occur or not. Stability indices take 
very little time to calculate, and in some instances are part of the statistical data 
given to forecasters. However, many times an index value points toward a 
thunderstorm occurrence, but none forms. Other times the atmosphere appears 
stable to the indices and yet vertical development occurs leading to 
thunderstorms. This study was undertaken to determine first if indices are valid 
tools to use in forecasting. Are there differences in the index values between 
periods when thunderstorms occur and periods when thunderstorms do not 
occur? If not, then indices may not be useful to the forecaster. The indices used 
in this study did not include all types, but they did meet some key criteria. They 
all can be calculated very quickly, and take into account basic principles that 
are involved in the formation of a thunderstorm. An analysis of five stability 
indices (Showalter, K, Vertical Totals, Cross Totals, and Total Totals), and one 
severe weather index (SWEAT) during a 10 year period, from March through 
September, showed that there are differences between thunderstorm and non- 
thunderstorm seasonal and monthly means. There are very few differences 
between 00 UTC and 12 UTC means for all indices and months of the study. 
Another point of the study was to see if any improvements could be made 
in the utilization of the indices for this region. There are obvious reasons for 
inaccuracies in the indices. First, they are calculated only twice daily, with 12 
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hour intervals, leaving a great deal of time for the stability of the atmosphere to 
change, or other weather factors to move into the region. Second, published 
threshold values are static. Therefore, the same criteria used for prediction in 
March is used in June and July. While the limited number of daily radiosonde 
data is not a problem that can readily be remedied, the static threshold values 
can be. Results of this study show that the mean index values of both 
thunderstorms and non-thunderstorms changed throughout the study period, 
lending support to the use of monthly or seasonally flexible threshold values 
when utilizing the indices. For the Omaha, Nebraska area, the published 
threshold values did not compare well with the calculated monthly maximum- 
skill threshold values in their prediction of the occurrence or absence of 
thunderstorms. The results of this study show that there are threshold values 
other than the published values that are better suited to predict whether 
thunderstorms will occur or not. Furthermore, the threshold value needs to be 
adjusted monthly or seasonally in order to produce the maximum number of 
correct forecasts. 
Finally, it was important to determine which indices were of greatest 
accuracy in the prediction of thunderstorm or non-thunderstorm occurrence, 
during which months, and which threshold level values to use. From this 
information, it could be determined which atmospheric factors might be of 
greatest importance in this prediction. A skill score was utilized to determine the 
accuracy of each index. The indices that may best aid the forecaster in the 
prediction of thunderstorms are those which have the most parameters 
included, such as the SWEAT Index, the Showalter Index, the Total Totals 
Index, and the K Index, because the majority of the time these indices produced 
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the highest monthly skill scores. The SWEAT Index takes into account multiple 
parameters (i.e., vertical temperature change, low level moisture, and certain 
wind parameters including change in wind speed at different levels and change 
in wind direction at different levels) and consistently gave the highest maximum 
skill scores throughout the study. One other reason the SWEAT Index is 
consistently the most accurate in the prediction of whether thunderstorms occur 
or not might be that the wind parameters are a very important part in the 
formation of thunderstorms. However with only one index utilizing wind 
parameters, this cannot be determined. The Showalter Index, the Total Totals 
Index, and the K Index all utilize change in temperature and low level moisture 
amount parameters and also produced relatively high skill scores. The Cross 
Totals Index produced some relatively high skill scores, especially with regard 
to the fact that it only calculates a value based on the moisture parameter. 
Accordingly, for much of the study period, the amount of moisture in the 
atmosphere may be a more important parameter than the vertical temperature 
change information based on skill score comparisons between the Cross and 
Vertical Totals Indices. 
During August and September, atmospheric indices may be of very little 
benefit to the forecaster for predicting thunderstorms. The skill scores over all 
the indices are relatively low. The overall weather patterns during the months, a 
predominantly warm upper air characteristic in August and changing weather 
patterns in September, may affect this. March has only slightly higher skill 
scores but also has a very small number of thunderstorms produced during the 
month. From April through July, the skill score analysis of the atmospheric 
indices show that the indices may aid a forecaster in determining if conditions 
69 
are favorable for the occurrence or absence of thunderstorms. Though skill 
scores are not extremely high, there are enough successful predictions that 
using the indices can assist the forecaster during this time period. 
Even though indices can be an important tool, it must be accentuated that 
indices should never be used as the sole factor in the prediction of 
thunderstorm or non-thunderstorm occurrences. This study shows that even at 
the highest skill scores, many mistakes would be made in letting indices be the 
final word. Indices are designed to quickly and, if utilized properly, accurately 
give a description of the atmosphere. When analyzing computer models, 
indices can quickly show if the actual stability agrees with the printouts. Indices 
cannot predict the future, but they can be and should be an important starting 
point and reference point in the forecast. 
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